Previous investigations by others and internal investigations at Philip Morris International (PMI) have shown that the standard trapping and extraction procedure used for conventional cigarettes, defined in the International Standard ISO 4387 (Cigarettes --Determination of total and nicotine-free dry particulate matter using a routine analytical smoking machine), is not suitable for high-water content aerosols. Errors occur because of water losses during the opening of the Cambridge filter pad holder to remove the filter pad as well as during the manual handling of the filter pad, and because the commercially available filter pad holder, which is constructed out of plastic, may adsorb water. This results in inaccurate values for the water content, and erroneous and overestimated values for Nicotine Free Dry Particulate Matter (NFDPM). A modified 44 mm Cambridge filter pad holder and extraction equipment which supports in situ extraction methodology has been developed and tested. The principle of the in situ extraction methodology is to avoid any of the above mentioned water losses by extracting the loaded filter pad while kept in the Cambridge filter pad holder which is hermetically sealed by two caps. This is achieved by flushing the extraction solvent numerous times through the hermetically sealed Cambridge filter pad holder by means of an in situ extractor. The in situ methodology showed a significantly more complete water recovery, resulting in more accurate NFDPM values for high-water content aerosols compared to the standard ISO methodology. The work presented in this publication demonstrates that the in situ extraction methodology applies to a wider range of smoking products and smoking regimens, whereas the standard ISO methodology only applies to a limited range of smoking products and smoking regimens, e.g., conventional cigarettes smoked under ISO smoking regimen. In cases where a comparison of yields between the PMI HTP and conventional cigarettes is required the in situ extraction methodology must be used for the aerosol of the PMI HTP to obtain accurate NFDPM/"tar" values. This would be for example the case if there were a need to print "tar" yields on packs or compare yields to ceilings. Failure to use the in situ extraction methodology will result in erroneous and overestimated NFDPM/"tar" values. [Beitr. Tabakforsch. Int. 26 (2014) 
SUMMARY
Previous investigations by others and internal investigations at Philip Morris International (PMI) have shown that the standard trapping and extraction procedure used for conventional cigarettes, defined in the International Standard ISO 4387 (Cigarettes --Determination of total and nicotine-free dry particulate matter using a routine analytical smoking machine), is not suitable for high-water content aerosols. Errors occur because of water losses during the opening of the Cambridge filter pad holder to remove the filter pad as well as during the manual handling of the filter pad, and because the commercially available filter pad holder, which is constructed out of plastic, may adsorb water. This results in inaccurate values for the water content, and erroneous and overestimated values for Nicotine Free Dry Particulate Matter (NFDPM). A modified 44 mm Cambridge filter pad holder and extraction equipment which supports in situ extraction methodology has been developed and tested. The principle of the in situ extraction methodology is to avoid any of the above mentioned water losses by extracting the loaded filter pad while kept in the Cambridge filter pad holder which is hermetically sealed by two caps. This is achieved by flushing the extraction solvent numerous times through the hermetically sealed Cambridge filter pad holder by means of an in situ extractor. The in situ methodology showed a significantly more complete water recovery, resulting in more accurate NFDPM values for high-water content aerosols compared to the standard ISO methodology. The work presented in this publication demonstrates that the in situ extraction methodology applies to a wider range of smoking products and smoking regimens, whereas the standard ISO methodology only applies to a limited range of smoking products and smoking regimens, e.g., conventional cigarettes smoked under ISO smoking regimen. In cases where a comparison of yields between the PMI HTP and conventional cigarettes is required the in situ extraction methodology must be used for the aerosol of the PMI HTP to obtain accurate NFDPM/"tar" values. This would be for example the case if there were a need to print "tar" yields on packs or compare yields to ceilings. Failure to use the in situ extraction methodology will result in erroneous and overestimated NFDPM/"tar" values. [ 
INTRODUCTION
Nicotine free dry particulate matter (NFDPM) is the term used in the ISO Standard referring to "tar". Based on standardized smoking machine methods (1, 2) many countries require cigarette manufacturers to report to their respective governments and/or print the yields of "tar", nicotine, and CO (TNCO) per cigarette on the cigarette pack. In Europe, Directive 2001/37/EC also established ceilings -maximum limits -for "tar", nicotine, and carbon monoxide yields per cigarette, based on the ISO smoking protocol (1, 3) . Relevant internationally recognized standardized methodologies have been developed and updated over many years and are summarized elsewhere (4) (5) (6) . Smoke is collected under a standard machine smoking regimen developed by the INTERNATIONAL ORGANIZATION FOR STANDARDIZATION (1) and TNCO yields are measured from the collected smoke using prescribed ISO testing methods (7) (8) (9) (10) . Similar procedures are followed by HEALTH CANADA Intense (2) . Regardless of which standardized methodology is applied, in order to guarantee an accurate "tar" value a complete water recovery without any losses is essential. This is increasingly challenging for aerosols containing elevated water quantities. The corollary is that water losses directly lead to erroneous and overestimated "tar" values. Previously, CÔTÉ et al. (11, 12) have investigated whether the standard trapping and extraction procedure for total particulate matter (TPM), water, nicotine and "tar" under ISO Standard 4387 is appropriate for more intense smoking regimens, as the smoke of more intense smoking regimens produces higher TPM yields containing a higher water content. Their work focuses on sources of errors inherent in the method, i.e., the delay between the weighing and extraction process and losses during the manual removal of the filter pad followed by an incomplete wiping of the filter pad holder walls. CÔTÉ et al. were able to demonstrate that the standard trapping and extraction procedure defined in the International Standard ISO 4387 (7) results in a "tar" overestimation of about 20%-25% for lit-end conventional cigarettes (CC) smoked under Health Canada Intense (HCI) smoking regimen. CÔTÉ et al. also demonstrated that water and volatile components are released from the Cambridge filter pad holder upon its opening and that a residual mass is left in the Cambridge filter pad holder after extraction which is not further analyzed. CÔTÉ et al. proposed two alternative methodologies to the standard trapping and extraction procedure defined in the International Standard ISO 4387 (7): the "in-flask weighing method" and the "closed-circuit extraction method". The methodology of the latter method is similar to the in situ extraction methodology which we developed and present in this publication and is based on a complete filter pad extraction without opening or wiping of the filter pad holder. The "closed-circuit extraction" is achieved by flushing 20 mL of extraction solvent during 90 min at a flow rate of 25 mL/min through the Cambridge filter pad holder containing the Cambridge filter pad by means of a peristaltic pump. It was demonstrated that the method resulted in a more complete extraction by avoiding water losses because the Cambridge filter pad holder was not opened and consequently neither was the interior of the Cambridge filter pad holder wiped. The "closed-circuit extraction method" resulted in significant differences for the "tar" value obtained from a 14 mg ISO "tar" CC smoked under Health Canada Intense smoking regimen compared to when applying the standard trapping and extraction procedure defined in the International Standard ISO 4387 (7). Tobacco products that are heated and not combusted produce an aerosol that has a less complex chemical composition and contains reduced levels of harmful and potentially harmful components as well as a lot more water than CC smoke. BORGERDING et al. claim that on the basis of the chemistry of their heated tobacco product, it is inappropriate to calculate a classical "tar" value (13). BORGERDING et al. therefore use the term "Flavor/Other" instead of "tar" which is mathematically equivalent to 'Humectant Free Nicotine Free Dry Particulate Matter' (TPM ! (glycerin + propylene glycol) ! nicotine ! water). Further, BORGERDING et al. (14) have published the limitations of standard Cambridge filter collection for further nicotine, glycerin, propylene glycol, and water determination of heated tobacco aerosols. BORGERDING et al.were able to demonstrate that the standard trapping and extraction procedure defined in the International Standard ISO 4387 (7) is not appropriate for heated tobacco products and results in a 'Humectant Free Nicotine Free Dry Particulate Matter' overestimation of about 25%. The authors have observed that Cambridge filters coated with aerosols from heated tobacco products have a much greater propensity for evaporative water loss compared to Cambridge filters coated with smoke from CCs, leading to the above mentioned inflated 'Humectant Free Nicotine Free Dry Particulate Matter' values. They attributed the evaporative water losses to a combination of effects from both: the elevated water content of the aerosol of heated tobacco products relative to smoke of CCs and the unique aerosol matrix of heated tobacco products. BORGERDING et al. developed and tested a methodology which is similar to the in situ extraction methodology which we developed and present in this publication as it is based on a complete extraction without opening or wiping of the filter pad holder. The Cambridge filter pad was extracted while still kept remaining in the Cambridge filter pad holder by adding the solvent directly to the sealed filter pad holder containing the filter pad and extracting the closed system for 30 min by continuous agitation. The obtained values using the in-holder filter extraction for TPM, nicotine, glycerin, and propylene glycol yields were equivalent to those from the standard trapping and extraction procedure experiments. Water values, however, increase significantly and, correspondingly, the 'Humectant Free Nicotine Free Dry Particulate Matter' values decrease. Also our investigations have shown that the standard trapping and extraction procedure used for CCs, defined in the International Standard ISO 4387 (7), is not suitable for the high-water content present in heated tobacco aerosols. Errors occur because of water losses during the opening of the Cambridge filter pad holder to remove the filter as well as during the manual handling of the filter, which is comprised by the removal of the filter by forceps, further folding of the filter, careful holding of the filter by forceps or by gloved hands, and also due to incomplete wiping of the filter pad holder walls after removal of the pad. Further, the commercially available filter pad holder, which is constructed out of plastic, may adsorb water. This results in inaccurate values for the water content, and erroneous and overestimated values for Nicotine Free Dry Particulate Matter (NFDPM). In this publication we present a modified 44 mm Cambridge filter pad holder and extraction equipment which supports in situ extraction methodology. Our investigation has shown that applying this methodology results in a more complete water recovery for aerosols with high-water content.
THE IN SITU EQUIPMENT AND METHODOLOGY
An in situ filter pad extraction equipment and methodology was developed with the objective to ensure complete water recovery and avoid the above mentioned losses. Briefly, the methodology functions as follows: The Cambridge filter pad holder containing the filter pad and the washer is hermetically sealed after smoking. The extraction solvent is flushed numerous times through the hermetically sealed Cambridge filter pad holder containing the Cambridge filter pad, without allowing any humidity to enter or exit the Cambridge filter pad holder. By flushing the extraction solvent numerous times through the Cambridge filter pad holder a complete extraction of all trapped material on the Cambridge filter pad, the washer and on the holder walls is achieved. The extract is further chemically analyzed. By following this approach water losses are avoided during the opening of the Cambridge filter pad holder to remove the filter pad as well as during the manual handling of the filter pad which is comprised by the removal of the filter by forceps, further folding of the filter, careful holding of the filter by forceps or by gloved hands, and also due to incomplete wiping of the filter pad holder walls after removal of the pad. The in situ equipment consists of a 44 mm diameter metallic pad holder fabricated out of aluminum alloy which is covered by a 10 μm nickel layer. The mouth piece is from Cerulean and contains four labyrinth seals. The washer is located at the inlet of the pad holder and can, thus, be included in the in situ extraction process to ensure a complete extraction of all trapped matter. The in situ extraction methodology per se does not include the mouth piece in the weighing process since the mouth piece needs to be removed in order to hermetically seal the pad holder. We therefore chose this mouth piece as it allows an extraction of the complete trap, the 44 mm Cambridge filter including the washer, while following as close as possible to the ISO norm 4387 which states that the mouth piece must not be included in the weighing process if the washer is located on the inlet of the pad holder. Figure 1 shows the in situ Cambridge filter pad holder. The experimental procedure functions as follows (see Figure 2 ). Before smoking, the in situ Cambridge filter pad holder containing a Cambridge filter pad and a washer is hermetically sealed by two caps each containing a septum and weighed. For the smoking, the caps are removed and a mouth piece is attached to the in situ Cambridge filter pad holder. Directly after smoking, the mouth piece is removed and the two caps are used to hermetically seal the in situ Cambridge filter pad holder containing the loaded Cambridge filter pad and the washer. The hermetically sealed in situ Cambridge filter pad holder is weighed again. Following the International Standard ISO 4387 (7) the mouth piece weight is not included in the weighing process as the washer is located at the inlet of the pad holder. Total Particulate Matter (TPM) is calculated by subtracting the measured weight obtained before and after smoking. After smoking and weighing the Cambridge filter pad and the washer are kept in the hermetically sealed Cambridge filter pad holder in order to be in situ extracted. To do so the hermetically sealed Cambridge filter pad holder is introduced into the in situ extractor (Figure 3) . One syringe filled with 10 mL isopropanol and one empty syringe are pierced through the septum contained in the caps and connected to the in situ extractor (Figure 3 left) . By alternating up and down movements of the syringe pistons the solvent is flushed approx. 60 times during 30 min through the Cambridge filter pad holder. To minimize the amount of solvent used in order to reduce costs and the environmental footprint, we use 10 mL of isopropanol, opposed to 20 mL which was used by CÔTÉ et al. (12) and which is recommended by the standard trapping and extraction procedure defined in the International Standard ISO 4387 (7) and by the CORESTA Recommended Method No 23 (15), as we have found that this volume is sufficient and just as effective for the extraction process. At the end of the extraction process the solvent extract is collected in a vial for subsequent chemical analysis.
ANALYTICAL METHODS
Smoking was performed on Borgwaldt KC Inc. linear machines type LM20x (Northern Chesterfield, VA, USA). Following the aerosol collection as described above the extract was then chemically analyzed via the following methods: TPM was gravimetrically determined from 44 mm glass fiber filter pads by measuring the weight of the filter pad placed in the filter pad holder before and after smoking. CO was determined without further treatment of the aerosol with a CO meter located at the outlet of the filter pad holder by non-dispersive infrared absorption gas analyzers from the company Borgwaldt KC Inc., type CO/CO2-Analyzer C25, (Northern Chesterfield, VA, USA) and by Fourier transformed infrared analyzers from the company California Analytical Instruments Inc., type CAL Series 600 FTIR, (Orange, CA, USA). Nicotine yields were determined by analyzing the extract with a Thermo Scientific Trace gas chromatograph Trace GC Ultra equipped with a flame ionization detector (Thermo Electron S.p.A., Rodano, Italy). A 7% Carbowax 20M 3% polyphenylether OS 138 and 2% KOH column with a length of 4 feet and an external diameter of 1/8 inch was used. The oven temperature was set at 170 °C for 5 min and the detector temperature was set at 250 °C. As carrier gas Helium with a constant flow of 45 mL/min was used. A volume of 1 μL was injected in splitless mode at 200 °C. Water yields were determined by analyzing the extract with a Thermo Scientific Trace gas chromatograph equipped with a thermal conductivity detector. A Haysep Q 80/100 mesh column with a length of 8 feet and an external diameter of 1/8 inch was used (BGB Analytik AG, Geneva, Switzerland). The oven temperature was set at 170 °C for 5 min and the detector temperature was set at 250 °C. As carrier gas Helium with a constant flow of 45 mL/min was used. A volume of 2 μL was injected in splitless mode at 200 °C. Glycerin yields were determined by analyzing the extracts with a PerkinElmer Clarus 500 gas chromatograph equipped with a flame ionization detector (Waltham, MA, USA). A DB-Wax column with a length of 30 m × 0.53 mm ID × 0.10 mm film thickness was used. The oven temperature was set at 100 °C for 2 min followed by a heating rate of 10 °C/min up to 150 °C. Following this the oven temperature was stabilized for 1 min at 150 °C and then a second heating rate of 20 °C/min up to 200 °C was applied. The temperature was then again stabilized at 200 °C for 3 min. The detector temperature was set at 250 °C. As carrier gas Helium with a constant flow of 12 mL/min was used. A volume of 1 μL was injected in split mode with a split ratio of 10 at 200 °C. NFDPM is a calculated value which is obtained by subtracting the nicotine and water yield from the TPM.
TEST ITEMS As test items the 3R4F Reference cigarette from the University of Kentucky, a 6 mg "tar", 0.5 mg nicotine and 7 mg CO PMI conventional cigarette (CC) and a PMI Heated Tobacco Product (HTP) were used. The PMI HTP consists of a heating device which precisely controls the heating mechanism into which a specially designed tobacco stick is inserted to generate an aerosol at operating temperatures that are significantly below the level of combustion. The tobacco stick comprises a processed tobacco plug that contains glycerin as an aerosol former. The tobacco plug is heated via the heating device and not burned. The resulting aerosol compositions is less complex and contains more water than CC smoke. Figure 4 shows a photo of the current generation of PMI Heated Tobacco Product which was used.
DESIGN OF EXPERIMENT AND STATISTICAL METHOD
The in situ extraction methodology was compared vs. the standard ISO methodology by smoking the 3R4F Reference cigarette, a PMI CC and a PMI HTP under ISO and HCI smoking regimen. For each smoking regimen and test item the respective yields for TPM, nicotine, glycerin, water, NFDPM and CO obtained by the in situ extraction Table 1 ). The statistical techniques used to assess the accuracy and the precision were based on confidence intervals in order to increase the power and the resulting robustness of the conclusions.
All individual results were assessed for the presence of possible outliers using the modified Z-score based on the median absolute deviation. All identified outlying values which were traced back to an analytical error, e.g., contamination in the laboratory or malfunctions during smoke or aerosol generation, were disregarded from the data set and subsequent statistical analysis. To assess whether the difference for a given analyte between the in situ extraction methodology and the standard ISO methodology is significant the confidence interval for the difference between the two methodologies was calculated. If the confidence interval for the difference between the in situ extraction methodology and the standard ISO methodology does not include the zero, significant differences between the methods in terms of accuracy are found while if the confidence interval includes the zero then no significant differences in the accuracy of the two methodologies can be assessed. In equation 2 and 3 n is the number of results, t is the student distribution with α (type I error) set to 0.05, M is the estimated average, and S 2 is the variance. The subscript 1 refers to the in situ extraction methodology and the subscript 2 refers to the standard ISO methodology. The precision was assessed for the in situ extraction methodology compared to that of the standard ISO methodology by estimating the variance for both methodologies and calculating a one-sided upper confidence interval for the ratio of the variances. The ratio is defined as the variance of the in situ extraction methodology to that of the standard ISO methodology [equation 4] . If the one-sided upper confidence interval is less than the upper acceptable limit, then the precision of the new method is considered acceptable in the sense that the use of the new method will not lead to an important loss in precision. The upper acceptable limit is set to be 1 [equation 4]. [4] In equation 4 S 2 1 is the variance of the in situ extraction methodology and S 2 2 is the variance of the standard ISO methodology. F is Fisher's distribution with α (type I error) set to 0.05, n1 is the number of results for the in situ extraction methodology and n2 the number of results for the standard ISO methodology. Even though CO is not directly linked to the determination of NFDPM, we have included the results for CO in this publication as CO was and is normally measured together with the other analytes in one set of experiments. It is, therefore, useful to demonstrate that the CO values are not affected by the Cambridge pad holder in any manner, especially, because some countries require cigarette manufacturers to report to their respective governments and/or print CO per cigarette in addition to the yields of "tar" and nicotine per cigarette on the cigarette pack.
RESULTS
The water yields using the in situ extraction methodology for a PMI HTP were found to be 24% and 19% higher compared to those obtained using the standard ISO methodology under ISO and under HCI smoking regimen, respectively. The difference in absolute water yields between both methodologies is larger for the HCI smoking regimen (7.1 mg/cig) compared to the ISO smoking regimen (4.5 mg/cig). The resulting NFDPM values for both smoking regimens are reduced by a factor of two when using the in situ extraction methodology compared to the standard ISO methodology (Tables 2, 3 and 4) . Figure 5 summarizes the results graphically. Under ISO and HCI smoking regimen there are no significant differences for TPM, glycerin, nicotine and CO between the yields obtained with the in situ extraction methodology compared to the standard ISO methodology (Table 5 ). The water yields using the in situ extraction methodology for the 3R4F Reference cigarette were found to be 70% and 54% higher compared to those obtained using the standard ISO methodology under ISO and under HCI smoking regimen, respectively. The difference in absolute water deliveries between both methodologies is much larger for the HCI smoking regimen (7.2 mg/cig) compared to the ISO smoking regimen (0.5 mg/cig). The resulting NFDPM value using the in situ extraction methodology is reduced by 23% under HCI smoking regimen compared to the standard ISO methodology. The 4% reduction of the NFDPM value under ISO smoking regimen is statistically significant, however, not relevant according to the reporting requirements set forth in the ISO Standard 8243 (17) for printing of "tar", nicotine and CO yields per cigarette on cigarette packs (Tables 2, 3 and 4). Figure 6 summarizes the results graphically. Under ISO smoking regimen there are no statistical significant differences for TPM, glycerin, nicotine and CO between the values obtained with the in situ extraction methodology compared to the standard ISO methodology (Table 5) . Under HCI smoking regimen the in situ extraction methodology resulted in 9% higher glycerin and 5% higher nicotine yields compared to the standard ISO methodology while no significant differences were found between both methodologies for TPM and CO (Table 5 ). The water yields using the in situ extraction methodology for the PMI CC were found to be 35% and 26% higher compared to those obtained using the standard ISO methodology under ISO and under HCI smoking regimen, respectively. The difference in absolute water deliveries between both methodologies is much larger for the HCI smoking regimen (3.2 mg/cig) compared to the ISO smoking regimen (0.2 mg/cig) (Tables 2, 3 and 4). The resulting NFDPM values using the in situ extraction methodology are reduced for the HCI smoking regimen by 17% compared to the standard ISO methodology, while no significant differences were found for the ISO smoking regimen. Figure 7 summarizes the results graphically. Under ISO and HCI smoking regimen no significant differences were found for TPM, glycerin, nicotine and CO between the yields obtained with the in situ extraction methodology compared to the standard ISO methodology (Table 5 ).
DISCUSSION
For all investigated cases (CCs and a PMI HTP; ISO and HCI smoking regimen) a significantly more complete water recovery was obtained using the in situ extraction methodology while only an incomplete water recovery was obtained using the standard ISO methodology. The incomplete water recovery observed for the standard ISO methodology results in higher NFDPM values because the NFDPM is only partially dry. This effect is more pronounced for high-water content aerosols such as the aerosol To date we have not tested our in situ extraction methodology for the analysis of the aerosol generated by electronic cigarettes. However, as the aerosol for electronic cigarettes is very different compared to that of conventional lit-end cigarettes, i.e., contains higher levels of propylene glycol and glycerin, this methodology might also be more adequate for these type of products. Table 5 ) -17% -4.41 mg/cig.
CONCLUSION
The in situ equipment and extraction methodology shows a significantly more complete water recovery, resulting in more accurate NFDPM values while the partial water recovery obtained with the standard ISO methodology leads to inaccurate NFDPM values for high-water content aerosols. For CCs smoked under ISO smoking regimen, however, the difference obtained for NFDPM between both experimental methodologies is either not significant or not relevant according to the reporting requirements set forth in the ISO Standard 8243 (17) for printing of "tar", nicotine and CO yields per cigarette on cigarette packs. Consequently, the in situ extraction methodology applies to a wider range of smoking products and smoking regimens, whereas the standard ISO methodology only applies to a limited range of smoking products and smoking regimens. The in situ extraction methodology is an improved methodology to determine water and NFDPM without impacting the results of TPM, glycerin, nicotine, and CO yields for high-water content aerosols such as the aerosol generated by a PMI HTP or also when smoking CCs under more intense smoking regimens, such as the HCI smoking regimen. In cases where a comparison of yields between the PMI HTP and conventional cigarettes is required the in situ extraction methodology must be used for the aerosol of the PMI HTP to obtain accurate NFDPM/"tar" values. This would be for example the case if there were a need to print "tar" yields on packs or compare yields to ceilings. Failure to use the in situ extraction methodology will result in erroneous and overestimated NFDPM/"tar" values. Table 5 . Statistical summary on the comparison between the in situ extraction methodology and the standard ISO methodology. The "=" indicates that no statistical difference between the in situ extraction methodology and the standard ISO methodology was found. The "+" and the "-" indicate that a higher or a lower yield, respectively, for the in situ extraction methodology compared to the standard ISO methodology was found. 
